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Two studies by Guo et al. (2010) and Tang et al. (2010) use comprehensive and systematic single-cell RNA
profiling to address pivotal questions in mouse embryonic biology: when initial asymmetries become
apparent during development and how cells adapt to an in vitro environment to become embryonic stem
cells.The past 15 years has seen an avalanche
of gene expression data, initially from
microarrays and more recently from next-
generation sequencing. Studies of em-
bryogenesis have provided invaluable
insight in transcription factor networks
and yielded blueprints for development
and differentiation. However, most of
these analyses were performed on cell
populations or whole embryos, masking
differences between individual cells. A
key issue remained on whether the identi-
fied ‘‘master regulators’’ are expressed in
all cells or in a distinct subpopulation of
cells. Single-cell RNA profiling can answer
this question, and Guo et al. (2010) and
Tang et al. (2010), in this issue of Cell
Stem Cell, exploit this technologically
challenging approach to examine early
mouse development and derivation of
embryonic stem cells (ESCs), respec-
tively.
During mouse embryogenesis, it is still
unclear when and how the first asymme-
tries that lead to formation of the three
distinct cell lineages present in the blasto-
cyst are set up. In their study, Guo et al.
applied a systematic single-cell RNA pro-
filing approach of all stages of the preim-
plantation embryo to characterize the
molecular dynamics of lineage commit-
ment (Figure 1). From an initial expression
screen of 885 genes in the early embryo,
they selected 48 genes for single-cell
TaqmanPCRassays.Consistentwith pre-
vious phenotypic data and functional
assays (Rossant and Tam, 2009), they
could not find distinct expression charac-
teristics among individual cells up to the
eight-cell stage. The first consistent differ-
ence they found was an inverse correla-
tion between Id2 and Sox2 among the 16
cells of the morula. Additional positional
information with membrane labelingshowed that the Id2low/Sox2high cells
represent the inner part of the morula
that further develops into the inner cell
mass (ICM), indicating that Sox2 is the
earliest pluripotency network factor to be
restricted to future ICM cells. These
expression data are in line with previous
evidence that the position of blastomeres
in the developing embryo instruct cell-
fate decisions (Rossant and Tam, 2009).
Guo et al. further show that at the early
morula stage many lineage-restricted
transcription factors are coexpressed
within individual cells at levels similar to
those observed in lineage-committed
cells in the blastocyst. This striking finding
suggests that cell-fate restriction at very
early embryonic stages involves downre-
gulation of developmental regulators of
opposing lineages, and not just lineage-
restricted activation. There are intriguing
parallels with the recent finding in
Xenopus embryos that the appearance
of H3K4me3, a posttranslational histone
modification associated with gene ac-
tivity, coincides with zygotic gene activa-
tion, whereas the repressive H3K27me3
mark is predominantly deposited upon
subsequent spatial restriction of expres-
sion (Akkers et al., 2009). Using elegant
principal component analyses to identify
single cells destined to contribute to the
ICM, Guo et al. show that the expression
of Fgf4 and its receptor Fgfr2 has the
strongest inverse correlation of all genes
within the early ICM in the 32-cell blasto-
cyst. Inhibition experiments show that
this FGF signaling pathway acts very early
during primitive endoderm formation.
In addition to being key to the develop-
ment of the embryo proper, the ICM is the
source of ESCs. During adaptation of ES
cells to an in vitro environment, there is a
selection for self-renewal capacity. WhatCell Stem Care the molecular changes enforced by
this process? Tang et al. follow up on
this question by using comprehensive
single-cell RNA-Seq expression analyses
of ICM outgrowths as they become
ESCs (Figure 1). They show that the tran-
scriptome of ESCs is clearly distinct from
the in vivo situation in which embryonic
cells undergo a strict developmental pro-
gram. The genes upregulated in ESCs
include known proliferative genes such
as Eras and Nodal, but also various other
genes that may be involved in self-
renewal. At the same time, ESCs lose
expression of a number of key genes
that were expressed in the ICM, such as
the primitive endoderm markers Gata4
and Gata6. Clearly, these genes are not
essential for self-renewal, but their down-
regulation probably interrupts the inherent
developmental program that occurs
in vivo and thus may well contribute to
the stability of ESCs in vitro.
To monitor changes in expression
during ICM outgrowth in more detail,
Tang et al. use a GFP-tagged version of
Oct4, a key regulator of pluripotency and
self-renewal (Loh et al., 2006). This
strategy allowed them to identify a set of
genes activated very early in differentia-
tion, as monitored by the loss of GFP.
Interestingly, this set includes various
members of the FGF signaling cascade.
Recently, much progress has been made
in the definition of optimal media condi-
tions to establish ESCs. Classical media
relied on BMP4 or serum in addition to
LIF, but Smith and coworkers showed
that direct inhibition of FGF signaling
blocks ESC differentiation and maintains
ESCs in a pluripotent state (Ying et al.,
2008). In the light of the in vivo findings
by Guo et al., this inhibition may well be
generating a very early block of primitiveell 6, May 7, 2010 ª2010 Elsevier Inc. 397
Figure 1. Overview of Transcriptional Changes during Early Mouse Development and ESC
Derivation
The earliest transcriptional changes in mouse development and ESC derivation as observed by single-cell
RNA profiling by Guo et al. and Tang et al. In vivo development is indicated in black with continuous lines,
and derivation of ESCs is indicated in gray with dashed lines.
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Previewsendoderm differentiation. Therefore, the
two new studies provide further support
of the idea that inhibition of FGF signaling
plays a key role in maintaining cultured
ESCs in a pluripotent ground state.
Another pertinent question is whether
and how epigenetic regulation is involved
in early lineage commitment. There is in-
creasing evidence that chromatin pack-
aging is crucial for maintaining pluripo-
tency (Niwa, 2007). Strikingly, Tang et al.
show that approximately half of the
known epigenetic modifiers change their
expression levels during ICM outgrowth,
with an overall increase for repressive
regulators. This finding begs the question
of how the chromatin state of ICM cells398 Cell Stem Cell 6, May 7, 2010 ª2010 Elsin vivo relates to that of ESCs in vitro.
Epigenetic profiling studies in ESCs
showed that promoters of many impor-
tant developmental regulators contain
both the repressive H3K27me3 and the
active H3K4me3mark, the so-called biva-
lent chromatin state (Bernstein et al.,
2006). It is currently unclear how abun-
dant this chromatin configuration is
in vivo and what functional role it plays.
Two recent studies on nonmammalian
vertebrate embryos differ in their interpre-
tation of how H3K27me3 deposition after
zygotic gene activation contributes to plu-
ripotency and lineage restriction (Akkers
et al., 2009; Vastenhouw et al., 2010). It
is not yet clear whether bivalency can beevier Inc.equated to the pluripotent chromatin
state. Future studies will need to address
this issue, in vivo and in the context of
ESC derivation.
In conclusion, the pioneering RNA pro-
filing studies by Tang et al. and Guo et al.
provide a wealth of information on the
molecular dynamics during early mouse
embryogenesis and ESC derivation at an
unprecedented resolution. They thereby
establish a solid basis for further func-
tional studies to characterize key regula-
tory circuitries that drive pluripotency
and lineage commitment in the early
embryo.
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